In vitro conversion of formate to serine: effect of tetrahydropteroylpolyglutamates and serine hydroxymethyltransferase on the rate of 10-formyltetrahydrofolate synthetase.
Serine hydroxymethyltransferase and C1-tetrahydrofolate synthase catalyze four reactions which convert formate and glycine to serine. The one-carbon carrier in these reactions if tetrahydropteroylglutamate which is regenerated in the coupled reaction and thus can be used in catalytic concentrations with respect to serine synthesis. The rate of serine synthesis is followed by the oxidation of NADPH during reduction of the intermediate 5,10-methenyltetrahydropteroylglutamate. Km values for the substrates of cytosolic serine hydroxymethyltransferase and the 10-formyltetrahydrofolate synthetase activity of the trifunctional enzyme C1-tetrahydrofolate synthase were determined. This included the values for the polyglutamate forms of tetrahydropteroylglutamate containing from one to six glutamate residues. The results suggest that the synthetase active site binds the polyglutamate forms of the coenzyme synergistically with respect to formate and ATP. Using saturating levels of all substrates, the kcat values for the serine hydroxymethyltransferase and 10-formyltetrahydrofolate synthetase activities were also determined. The synthetase reaction is the rate-determining step in the conversion of formate to serine. The effect of glutamate chain length and the concentration of serine hydroxymethyltransferase were studied with respect to the rate of serine formation. Tetrahydropteroylmonoglutamate gave slower than expected rates which is attributed to its inhibition of the reduction of the intermediate 5,10-methenyltetrahydropteroylglutamate. This inhibition was not a factor with the di- through hexaglutamate forms of the coenzyme. The addition of an excess of serine hydroxymethyltransferase was predicted to lower the rate of the formation of serine by lowering the concentration of free coenzyme in the assay. However, activation of the rate was observed which was at least 2-fold greater than the predicted rate. This increase in predicted rate appears to result from an interaction between C1-tetrahydrofolate synthase and serine hydroxymethyltransferase. The in vivo concentrations of serine hydroxymethyltransferase and C1-tetrahydrofolate synthase in rabbit liver were determined.